; however, very little information is available on which particular rumen organisms are involved. Howard, Jones, and Purdom (1960) have reported studies on the breakdown of soluble
ruminococci were able to utilize the hemicelluloses for growth. Hemicellulose fermentation mixtures were analyzed for total pentose, residual hemicellulose (pentose precipitated in 80% ethyl alcohol), and ethyl alcohol-soluble pentose. The three strains of ruminococei were able to partially utilize the different hemicelluloses as energy sources, as determined by total pentose loss, and they were capable of almost complete degradation of the original hemicellulose from an ethyl alcohol-insoluble to ethyl alcoholsoluble form. The extent of both degradation and utilization varied markedly between the three strains and different substrates. Tests on the other strains indicated that no growth, production of organic acid end products, or appreciable loss of total pentose had occurred. However, analysis of the culture medium for residual hemicellulose indicated that these strains were able to extensively degrade the original hemicelluloses to an ethyl alcohol-soluble form. Marked differences were observed among strains and hemicelluloses in the amount of hemicellulose degraded. Of the different hemicelluloses, corn-hull hemicellulose was the most resistant to degradation and utilization by the celluilolytic rumen bacteria.
Cellulose, hemicellulose, and pectin are the major carbohydrate constituents in forage from which the ruminant animal can derive energy. Essentially, however, this energy becomes available to the animal only after fermentation of these substances by the microorganisms present in the irumen. Since the hemicelluloses can constitute from 30 to 40% of the total energy source, their overall importance becomes clear. The in vitro breakdown and utilization of these forage hemicelluloses by mixed cultures of iumen bacteria has been demonstrated by several investigators (Gray and Pilgrim, 1952; Howard, 1957; Gray and Weller, 1958; Dehority, Johnson, and Conlsad, 1962) ; however, very little information is available on which particular rumen organisms are involved. Howard, Jones, and Purdom (1960) have reported studies on the breakdown of soluble pentosans from wheat flour and the red seaweed Rhodymenia palmata by two noncellulolytic xylanfermenting rumen bacteria. The "less actively cellulolytic" rod, described by Hungate (1950) and later tentatively classified as a member of the species Butyrivibrio fibrisolvens by Bryant and Small (1956) , produced acid and gas from the fermentation of isolated oat-hull, black-locust, and white-birch hemicellulose. Using alfalfa hay and poor quality grass as substrates, Hungate (1957) demonstrated a weight loss in the crude "hemicellulose" fraction after fermentation by pure cultures of ruminococci. His "hemicellulose" fraction was that material not soluble in hot water, but soluble in 2% H2SO4 .
Previous work in this and other laboratories with pure cultures of cellulolytic i-umen bacteria had revealed that some strains of ruminococci are capable of utilizing purified xylan for growth (Dehority, 1963; Bryant, 1963 (Bla, B34b, and Cla) were isolated in this laboratory and have been described previously (Dehority, 1963 Bryant, Robinson, and Chu (1959) . The anaerobic culture technique used was similar to that described by Hungate (1950) . Carbon dioxide was freed from oxygen by passage through a column of hot, reduced copper turnings. Cultures were carried on rumen fluid-glucosecellobiose-agar (RGCA) slants (Bryant and Burkey, 1953 (SInith, personal contritunication) . The basal hemicellulose fermentation medium contained the following: minerals, B vitamins, casein hydrolysate (acid), volatile fatty acids, resazurin (an indicator of anaerobiosis), cysteine (as a reducing agent), 10% clarified rumen fluid, and a carbonic acid-bicarbonate buffer system. Aside from slight concentration differences, the addition of 10% clarified rumen fluid, iron, and zinc salts, and the omission of 2-methyl-n-butyric acid and Na2S, this medium was similar to the complete medium described by Bryant and Robinson (1961) . The addition of 10% clarified rumen fluid was required to meet unknown nutritional requirements of one cellulolytic strain (Bla). For all studies, the hemicellulose substrates were added by weight to give a final concentration of 0.2%.
Analytical methods. Hemicellulose concentration was estimated by measurement of total pentose concentration with the orcinol reaction (Brown, 1946) . The culture medium was fractionated by acidification and precipitation of the hemicellulose from an 80% ethyl alcohol solution Pentose concentration was determined directly on the supernatant liquid, and the insoluble residue was washed once with acidified 80% ethyl alcohol and then brought into solution with 5% NaOH prior to pentose analysis. Precipitation of the hemicelluloses with acidified 80% ethyl alcohol was the same procedure used in the original isolation of the hemicellulose from natural materials (Myhre and Smith, 1960) .
Silica gel columns were used for the determination of total organic acids. After packing the column and adding the sample, all of the organic acids were eluted in one fraction with a 20% butanol in benzene eluant (Linke, 1952) .
RESULTS
In the first study, flax, corn-hull, oat-hull, and alfalfa hemicellulose were used as substrates. Three strains of ruminococci, all known to ferment xylan, and one strain of B. succinogenes that did not digest xylan were used as test organisms. Commercial purified xylan (Nutritional Biochemicals Corp., Cleveland, Ohio) was included as a positive control. The fermentations were allowed to proceed until there was no further increase in OD (ca. 48 hr), after which time the culture media were analyzed for residual pentoses. The per cent hemicellulose digested, based on the loss of total pentose, is shown in Table 1 . The fermentation with B. succinogenes B21a showed no loss in total pentose, and, thus, this organism was omitted from the table. All three strains of ruminococci which digest xylan were capable of using the hemicelluloses as an energy source, although the extent of digestion varied markedly. hemicellulose by the three strains of ruminococci which could utilize these substrates. Growth curves were also obtained for oat-hull and fescuegrass hemicellulose, and these were very similar to the curves shown for flax hemicellulose. With the exception of corn-hull hemicellulose, R. albus 7 grew much faster on the isolated hemicelluloses than did the two strains of R. flavefaciens.
When the fermentation mixtures were analyzed for e idual hemicellulose, it was found that only traces were present in all tubes, including those inoculated with B. succinogenes B21a. In addition, all of the fermentation mixtures gave a negative test for reducing sugars. This obvious discrepancy with the data reported in Table 1   40 The fermentation end products of R. flavefaciens are primarily organic acids; R. albus 7 produces, in addition, rather large amounts of CO2, H2, and ethyl alcohol (Bryant et al., 1958; Kistner and Gouws, 1964) . This accounts for the apparent discrepancies observed between the two species when similar amounts of hemicellulose were utilized.
Based on the above results, it became of interest to determine whether the four remaining cellulolytic cultures available, which would not utilize xylan, were capable of degrading the hemicelluloses. Table 4 presents the results of an experiment conducted with flax hemicellulose. To insure that the fermentations were complete, all tubes were incubated for 120 hr. An increase in OD and organic-acid production were observed only with those cultures capable of utilizing the hemicelluloses as an energy source. As suggested by the previous experiments, however, all of the cellulolytic organisms were capable of partially degrading the flax hemicellulose. Recoveries of pentose, ethyl alcohol-soluble plus ethyl alcoholinsoluble, ranged from 98 to 106%, with a mean of 102%.
When two organisms, only one of which was capable of utilizing the substrate, were combined as an inoculum, the extent of both degradation and utilization was similar to the extent observed for the utilizing organism by itself. These data are shown in the last line of Table 4 . No appreciable differences occurred in the time required to reach maximal OD or the total production of organic acids.
Similar experiments were conducted with cornhull hemicellulose (Table 5 ). Although the extent of both utilization and degradation was somewhat lower than that observed with flax hemicellulose, the pattern of results was the same. In this instance, pentose recoveries from the fractionation procedure ranged from 97 to 110%, with a mean of 103%. These observations suggest that there are basic differences between the composition or structure, or both, of hemicelluloses as well as differences in the ability of the different organisms to attack specific linkages. Corn-hull hemicellulose, which was more resistant to degradation and utilization than the other hemicelluloses, contains approximately 35% arabinose. On the other hand, the hemicelluloses from fescue grass and oat hulls contained approximately 20 and 14% arabinose, respectively, but they were degraded and utilized as well as or better than flax hemicellulose, which did not contain any measurable arabinose (Smith, personal communication) . Additional studies on hemicellulose composition and structure, together with studies on the specificity of the different organisms for definite linkages, might provide some explanation for the marked differences which are observed.
Of all the organisms used in this study, only R. flavefaciens Bla is capable of using xylose as an exogenous energy source. However, this organism appeared to have no advantage with regard to utilization of the ethyl alcohol-soluble pentose. This information, along with the lack of reducing sugars in the media, would suggest that the ethyl alcohol-soluble pentose material is probably composed of oligosaccharides of intermediate length.
The results of this study have revealed a previously unknown function of the cellulolytic rumen bacteria; however, the importance of this hemicellulose degradation in the total rumen fermentation is not yet known. Such factors as the rate of degradation, the number and types of other bacteria capable of attacking the hemicellulose, and the possible utilization of the intermediate degradation products by other bacteria which do not ferment hemicellulose would be most important in assessing their overall contribution.
